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Hypernuclear Phyisics



There is growing evidence that hyperons 
appears the first of the strange hadrons in 
neutron starts at around twice normal 
density….The onset of the hyperon formation is 
controlled by the attactive hyperon-nucelon
interaction wich can be extracted from 
hypernucleon scattering data and hypernuclear
data (J. Shaffner-Bielich et al: Hyperstars: 
Phase Transition to (meta)-Stable Hyperonic
matter in neutron Stars, arXiv: 
astroph/0005490

Additional experimental data from 
hypernuclei will be useful in establishing the 
foundations of high density matter models. 
This is especially relevant for the hyperon-
nucleon interactions, for which relevant 
systems are more likely to be produced in 
current accelerators than for hyperon-
hyperon interactions” , in S. Balberg et al: 
Roles of hyperons in Neutron Stars, arXiv: 
astro-ph/9810361







Hall A Hall A -- Two High Resolution SpectrometersTwo High Resolution Spectrometers
QDQ - Momentum Range: 0.3 –4 GeV/c ∆p/p : 1 x 10-4 – ∆p = =-5% - ∆Ω = 5 –6 mr



E-94-107 - High Resolution 1p shell Hypernuclear Spectroscopy

F. Garibaldi, S. Frullani, J. LeRose, P. Markowitz, T. Saito

1. very good energy resolution

2. forward angle reasonable counting rates

3. very good PID unambiguous kaon identification 

9Be(e,e’K)9LiΛ



Energy Resolution

1. ∆E/E : 2.5 x 10-5

2. ∆P/P (HRS + septum) ~ 10-4

3. Straggling, energy loss…

Forward angle - Septum magnets

- Meet the requirements of the 94-107 and all “possible”   experiments in Hall A

- Small scattering angle (12.5 --> 6)

- No degradation in HRS performances  

- General purpose device
- Continuous covering scattering angles (6 -->12.5)

- Two independent arms



p
(GeVc)

θ
(degrees)

β
(degrees)

R
(cm)

∫ B. dl 
(Tesla .m) 

B0
(Tesl

2 6 6.5 740.8 0.76 0.9

2 12.5 11.9 404.6 1.39 1.65

4 6 6.5 740.8 1.51 1.8

4 12.5 11.9 4046 2.77 3.3
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E-97-110
JP. Chen,A. Deur, F. Garibaldi
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The PID Challenge
Very forward  angle  --->  high background of π and p

-TOF and 2 aerogel in not sufficient for unambiguous K identification !

Kaon Identification through Aerogels:

AERO1
n=1.015

AERO2
n=1.055

p
k
π

KAONS = AERO1•AERO2

p k π

All events

Hypernuclei -> smaller scattering angle
-> higher background --> something else is needed





Contamination of pion and proton on 
the K signal with different PID 
systems, for the counting rates of 
two levels (10-2 Hz and 10-4 Hz)

Process Rates

signal (e,e’K) 10-4 – 10-2

accidentals (e,e’)(e,pi)
(e,e’)(e,p)
(e,e’)(e,k)

100
100
0.1

RICH

0

without RICH with RICH



Cos θ =1/nβ ∆β/β = tg ∆θ
N =  p.e. per ring

∆θ ∆ θ /sqrt(N)

- n fixed by the momentum(2GeV/c)

C6 F14, transparent down to 160 nm

- compact (~ 50 cm)

- relatively thin (18% X0)

- 310 x 1820 mm2

- quarz window 5 mm

15 mm
300 nm

Like ALICE
and STAR

RICH



π, Κ separated by 30 mrad

with 3 mrad: 10 σ

Simulation (spectra) done with 6 σ

5 mrad good enough
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MinimizeMinimize
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check the # p.e.
check the sinlge photon ang. res.
(FPP tracking would help)



Many  parameters affect the detector performances (# p.e.)

- quartz transparency in the v.w. region of interest (160 - 220 nm)

- freon purity to not absorb the emitted Cherenkov light

- freon purity circuit + continuously monitoring

- CsI photocathode

- evaporation + on line QE absolute measurement

- QE is strongly affected by oxygen and moisture

- Careful handling of photocathodes after evaporation

- Continuous monitoring of gas “purity”







CERN tests

11/01 !! 
7 GeV/C p beam

Argon CH4 
(25/75)

2
photocathodes

Rome and CERN

Equal 
performances

N =  ~ 12N =  ~ 12
Can be be

extrapolated 
to ~ 1414 with CH4



CERN November 2000

Rome and CERN

Equal 
performances

N =  ~ 12N =  ~ 12
Can be be

extrapolated 
to ~ 1414 with CH4

Cosmics Jlab September 2003

# p.e

MIP peak=550   
G ~ 8 x104

A0 = 30



Evaporation system

110 cm

120 cm

Photocathode

U V  source box

PM T C ollection cham ber

R otating m irror (C aF 2)

M ovem ent system

10 -6 m bar vacuum , 2  nm /s CsI deposition at T  = 60 ºC (CERN  
experts indications). Vacuum  - heating conditions start 15 –
24 h  before evaporation. A  post-evaporation heat treatm ent
is done for 12 hours.

Crucible bars

3
PD

E v a p o r a t io n  la y o u t

P h o to C a th o d e – c r u c ib le s  p la n e  d is t a n c e :  4 2  c m
4  µ m  N i – 1  µ m  A u  s u p p o r t   
c r u c ib le  q u a n t it y :  0 .8  g  w e ig h t  e a c h  o n e , 

c o r r e s p o n d in g  t o  ~  3 2 0  n m  th ic k n e s s  (e x p e c te d  
a n d  m e a s u r e d )

P o s . X P os .Y
S o u rc e  # 1 : 2 .5 53 .15
S o u rc e  # 2 : 61.5 53 .15
S o u rc e  # 3 : 61.5 -12 .85 y [c m ]  : 6 6
S o u rc e  # 4 : 2 .5 -12 .85

Ep .m in  [n m ] : 286 x  [c m ] : 5 9
Ep .m a x [n m ] : 387

d iff.  :  26 .1%

0 ,0

So urc e  1 So u rc e  2

So ur c e  3So ur c e  4

C ru c ib le s  p o s it io n s

1 3 5 7 9

11 13

S 1

S 5

S 90
5 0

1 0 0
15 0

2 0 0

2 5 0

3 0 0

3 5 0

4 0 0

3 5 0- 4 0 0
3 0 0- 3 5 0
2 5 0- 3 0 0
2 0 0- 2 5 0
1 5 0- 2 0 0
1 0 0- 1 5 0
5 0 -1 0 0
0 -5 0

T h ic k n e s s  (n m )

E x p e c t e d  t h ic k n e s s

6 4 ,4 0



Targets



Counting rates

Target thickness = 100 mg/cm2



1.  12C:  comparison with present data, better understanding of the data  
with hadronic probes (additional peaks found with respect to the
predictions).

2.  9Be:  spin doublets, s-s potential parameter clarification. 

3. 7Li:  large neutron excess

4. 16O: “simple” structure, ground state doublet investigation

52Cr ? : due to the stability of 51V core, the level structure should be 
rather simple. Expectation supported by spectroscopy on 51V. Tipically 
the cross section for heavier target are lower. It is observed that this 
suppression is dependent to 2J+1. For this reason the cross section 
for elettroproduction of 52VΛ should be comparable with 12C -> 12BΛ or 
9Be -> 9LiΛ cases



Expected spectra for 52Cr

Calculations (M. Sotona) from 
Woods-Saxon potential with 
two different hypotesis:

1. VLS = 0.4 MeV, to fit splitting 
measured in γ spectroscopy

2. VLS = 2.0 MeV, to fit widening 
of d peak in 51VΛ found by 
hadronic probes (Hotchi et 
al., Phys. Rev. C64, 2001, 
044302).

Note: this 2-nd widening may be 
partially attributed to other 
structure effects

Missing Energy (MeV)

Missing Energy (MeV)

52Cr -> 52VΛ



June 2002 optics tests
(Target (12C): 114 mg/cm2)

Kinematics:  
Ei=   4.7 GeV             

Pe=   3.8 GeV/c    
Phadr=1.5 GeV/c

Resolution  720 KeV

with our setup (no windows)
and kinematics

~ 350 keV



Conclusions
- very good energy  resolution hypernuclear spectroscopy
experiment on 1p shell nuclei will be performed in Hall A

- first septum magnet used for GDH: performances as expected

- second septum being installed
- challenging PID

- aerogel and RICH performing as expected

- we are ready!


	
	

